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A PRESSURE-DISTRIBUTION INVESTIGATION CE’A SUHIRSONIc—..

FUSELAGE AND CALE3RATION OF TEE MACE NUMBER 1.40 NCEZLE

OF THE LMWiEY & BY k+W#I! SUTEMONIC !K%NNKG

By Lowell.E. Easel and Archibald

SUMMARY

R. Sinclair

Fressure+listribution tests cd?a supersonic+ircraft fuselage with
and without canopies (body of revolution without canopies) have been
conducted in the Lamgley k- by k-foot supersonic tunnel at a Mach number
of 1.40 and a Reynolds number of 2.7 x 106. These dataj which were
obtained upon completion of a series of calibration tests of the nozzle
at a Mach number of 1.40, are compared with linear and nonlinear the+
retical results. The results of the calibration tests indicated that
the flow in the test section in the vicinity of the model is suffi–
ciently uniform to allow reliable data to be obtained.

For the fuselage”without canopies (body of revolution) very good
agreemmt between the experimental results and the rigorous linear theory
was obtained through the entire angle+f+ttack range (1OO maximum) over
most of the body. A comparison of the rigorous and incomplete linear
theories indicates the importance of the radial-prturbation-velocity
term which the latter theory neglects in determining the pressure coeffi-
cient. It is also pointed out that nonlinear solutions for the pressures
on arbitrary bodies of revolution which have the same form of solution
as the incomplete lineer theory appar to be inadequate in the same
respects as the incomplete linear solutions.

INTRODUCTION

An experimental investigation has been
k-by 4-foot supersonic tunnel to determine
istics of a lerge model of a sweptback+wing

in progress in the Langley -
the aerodynamic character-
airplane. The test model

was selected to represent a suprsonic-aircraft configuration in order
that fundamental data having imnediate practical interest would be
obtained. As a part of thi= investigation, a relatively detailed study
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of the pressure distribution over the fusel”ageof this airylane has been
.

made. The first series of these tests has been made at a Mach nuder
of 1.59 and the results have been presented fi reference 1.

This paper presents the results of a similar investigation at a
Mach number of 1.40 smd a Reynolds numiberof.2.7 X 106, and may be
regsrded as an extension at another Mach number of the tests yresented
and discussed in reference 1. The experimmtal pressure distributions
oltained on the fuselage with and without canopies are pwsented. In
addition, the remits obtained from the fuselage without canopies are
compared w~th linear and nonlinear theoretic&1 results. Calibration
data of the test-section flow at Mach nuniber’1.40have also been included
to serve as a reference for future reports.

SYMBOLS

Free-tree-m conditions:

P mass density of air

v airspeed

a speed of sound in air

M Mach number (V/a)

()Wmimic pressure $$

P static yressure

Local model conditions:

u

v

Fuselage

a

$.

axial ~rturbat ion velocity

.

-
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.

.
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.

—
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.m —
— .- —

.-

rmlial perturbation velocity —

geometry:

—

-. — -

.

angle of attack of fuselage center line masured in the plane
of symmetry of the airplane .; — .-

fuselage polar angle measured in a plane perpqdiculsr to the
longitudinal axis, degrees (0° at bottom bf fuselage, see
fig. 8) ,

.—

.

, --=

..

=
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Air-stream geometry:

8H angle between tunnel center line and flow direction masured
in a horizontal plane, positive to right when viewed looking
upstresm (see fig. 1)

f% angle between tunnel center line and
in a vertical plane, positive for

llressuredata:

P~ local static pressure

1’ ()pressure coefficient ~
~

IANGLEY&BY&@’OOT SUPERSONIC

General Descriptia

flow direction masured
upflow (see fig. 1)

TUNNEL b

The Langley k-by k?oot suprsonic tunnel is a closed-throat,
single+eturn wind tunnel (see fig. 1, reference 1) driven by en sxial-
flow compressor. The tunnel has been designed for a nominal Mach number
range from 1.2 to 2.2 and is temporarily powered by a 60~orsepower
electric+ive system. With the present power, the stagnation pressure
is limited to approximately 0.3 atmosphere. The tunnel has a rectangular
nozzle and test section consisting of two fixed parallel side walls and
two horizontal flexible nozzle walls. The side walls and nozzle walls
are 25 feet long and are continuous from a point 66 inches upstream of
the throat to the end of the test section (fig. 1). For the Mach nuniber
1.40 nozzle, the test section has a width of 4.5 feet, a height of
4.4 feet, and a length of unifo~flow region along the wall of approxi–
mately 7 feet.

The supersonic nozzle and test section sre formal by deflecting the
horizontal flexible walls against a series of fixed interchangeable
templates which have been designed to give a wall shap producing uniform
flow in the test section. For this series of tests, temporary mild-steel
nozzle plates were used in place of the permanent set of machined and
yolished stainless+teel plates. These temparary plates contain som
small periodic waves.

,
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Aerodynamic Desi@ i.

The flexible-will section of the tunnel extends from station O to”
300 (see fig. 1) and includes the subsonic entrsnce sgction, supersonic
nozzle, and test section. .The subsonic”entrancesectfon extends from
stations O to 66 and was designed to .yminta~na fair.wall contour between
the settling chamber and the first minimum Section. Since, as is custom-
ary in supersonic+ozzle design, it was asaid that the flow was unifozm
at the first minimum, a region of very slowly changing cross section
extending from station 66 to 84 was designei to help p-reducethe”desired”
uniform flow. The ordinates in this “sectitiwere increased by an amotit
intentionally insufficient to allow for fti’ growth of–the dis~lacement -
thickness of the boundary layer so that cholhg should occur at station u
although the geometric first @nimum occur~’d at station 66. .-

The M = 1.40 supersonfc+nozzle section was designed by -themthod
of characteristics. In this particular application, a smoothly varying
,velocity distribution was assumed to exist eiong the center line of the
nozzle from the first minimum to the beginni~ of the test section. The
characteristicnet corresponding to this vel~ocitydistribution was then
established so that the wall contour required to produce uniform flow in
the test section could be determined. The boundary-layer displacement
thickness on the.flexible wall was computed.by the mthcd given in
reference 2. It was assumed that the same thickne&s existed on the si&
walls, and the ccnnbinedeffect of both loundkry layers was then arbitrarily
applied to the theoretical nozzle “ordinatesto satisfy the one-dimnsional
continuity relationship. ., ..

. .
—.

....--

.-

.-

.
—

—

Test+ection Calibration
.—

Frior to any model testing in the M =.1.40 nozzle, static pressures
were measured along the center line of both top and bottom flexible .=
wal-ls~and transverse stream surveys were mikleat me–~tation (see fig. 1) ‘“ “- ‘-
in the test section to determine variations of the horizontal and vertical
flow angle8j static pressure, and Mach nunbe~. The limits of the oper- “- –
sting dew point required to avoid serious condensation effects were aho ~ .;.
established. .--.-,—

Apparatus.- Ten cruciform probes and te$ pitot-static tubes similar “,
to those shorn in fi~e 2 ad described in references 1 and 3 were used
to detemnime flow angles ”andstream press~es, res~ckively, during the

—

transverse survey.

Test -procedure.-‘Alltest+ection surveys were mqde for the
following stagnatimm conditions:

K=-
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Pressure, atmosphere . . . . . . . . . . . .
Dew point, %....... . . . . . . . .
Temperature, %...... . . . . . . . .

. . . . . . . . . 0.25

. ..**. .0 –15 to -40

. . . . . . . . . 110

In an initial series of tests, the static-pressure distribution along
the flexible walls was ~asured by means of surface orifices. The
indicated Mach number distributions on the flexible walls were calculated
from the ratio of the masured static pressure to the masured stagna-
tion pressure in the settling chamber. At the ccnnpletionof the wall
static-pressure surveys, a transverse survey rake was installed at sta–
tion 241 (fig. 1) to measure the horizontal and vertical flow angles
and free+rtream pressures. The survey rake was designed to supyort ten
survey instruments, five in each of two vertical planes. Each vertical
plane traversed half the tunnel width. The variation of stream angles
with position and dew point was measured with ten cructform probes
installed on the survey rake. An identical series of tests was con-
ducted with the pitot-static tubes mounted on the rake to determine
free-stream pressures. This procedure was followed because It was found __
from previous tests (reference 1) that, although the cruciform probes
indicated the correct flow angles, the indicated static pressures were
too high. Data were obtained,simult~eously at ‘&inch transverse incre-

4
ments at O, , and @ inches alove and below the tunnel horizontal

4
center line.

Flow-angle variations were obtained fram the crucifor~obe data
by mans of su~rsonic shock and expansion theory. The absolute angle
of each probe surface in the vicinity of the orifice was measured by an
optical mthod either prior to or after each test. These measurements
were then used with the experimental angle variations to determine the
absolute horizontal and vertical flow angles. The assumption made here .;
that the probes did not deflect during.the surveys is considered justi–
fied because of the small aerodynamic loads which were present and of
the high rigidity of the suyport strut. The free~tream static pressure
was obtained directly from the pitot-static-tube data and the Mach number
was computed from the ratio of the total pressure behind the normal shock
to the free-stream static pressure Indicated by the pitot-static tubes.

Accuracy of data.– The following probable errors were estimated fa .
the transverse survey data:

Flow-angle variation, ~ and e=, degrees . . . . . . . . . . . ~.02
Absolute flow angle, ~ and. eH, degrees . . . . . . . . . . . ~.C)7
Mach number variation. . . . . . . . . . . . . . . . . . . . .ti.002
Machnuniber, absolute value . . .. . . . . . . . . . . . . . . M.01
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39s ults and discussi~.-R epresentative data presented in figure 3
~-

show the effects of dew pofnt on the indicated wall Mach number at
several stations in the test section. -In contrast to the noticeable
effects of condensation which were found ii the test sec~ion of-the
M = 1.59 nozzle (fig. 4, reference 1), there appears to be no measurable
effect of condensation in the test section at M =

—
1.40 for the range

—

of dew points investigated. It should be noted that these indicated
Mach numbers were computed on the assumption o~ isentrop~c flow through

—

the nozzle. Subsequent free+tream survey dat~ indicated a nearly con-
stant average loss of 0.2 yercent of the sta~ation yres&zre in the test
section for.this range of dew points. The restitant corrections would
decrease the Indicated wall Mach numbers by ofiy 0.001. On the basis of

—

these tests, the remainder of stream surveys were conducted at a dew
point of -25° F.

——.
-

The indicated Mach nuiber distributions tiasured or-the center line
—

of the up_@r.and lower nozzle walls at a dew pc$intof -25° F ere shown
in figure 4. The theoretical Mach number distribution obtained frcm the
two-dimensional characteristicsmethd is also=shown fm” comparison.
The agreement is good, although the lnd~cated l@ch nuvbe= in the expandtig

—

nozzle section is somewhat lower-than predicted by the theory.
.—

A small .—
asymmtry in the indicated Mach number axists between the upper and
lower walls. This asymuetry is ~obably caused by Iocal=tiregulerities
in the temporary mild-steel flexible walls; however, these differences .

are small and do not appear to affect the flow significa@ly. The
indicated Mach numbers on the test-section walls appear @ general to -
bracket the design Mach number of 1.40. ‘~

—

The results of the transverse pressure stivey are p$esented in
— .—

figures 5(a), 5(3), and 5(c), which show the v@riatfon of the horizontal
—

fluw angle, 6H, vertical flow angle, ~, and I&ichnmiber~ ~spectivel-y~
with position in the transverseplane at station 241. The ability to
repeat data on two separate runs is indicated b~ the two--setsof synibols.
The tailed symbols in figure 5(a) refer to data for which the optically —

measured angle, a constant in this range, appep& to be ti error. Con-
sequently, these data have been shifted vertically (-O.21~) to agree

..

with the data obtained from another probe at tl% common point, (station O).
The variation of ~ in figure 5(b) is large, but since the region of
msxirrrumvariation is outside the normal test re”gfonfor xiiodels,the

..

aerodynamic data from model tests in this stream should mot be signifi-
cantly effected. Schlieren photographs of the jest-sectian fluw have

—

been made with theschlieren system adjusted f& msximum sensitivity and
;

are shown as a composite in figure 6(b). To facilitate identification
of window striae, a similsr set d“ photographs pmde with the tunnel

...

stopped ere shown in figure 6(a]. A comparison of the original negatives
of figures 6(6) and 6(b) indicated that only one set of weak disturbances
was detectable. The location of these shocks in figure 6(h) is indicated .

by the ~OWS.
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The following table sumnarizes the flow variations in the region

extending 4 inches on either side and # inches above and below the
4

tunnel center line.

13E(pitch _planeof mcdel), degrees . . . . . . . . . . -0.25 to O.0~

~% (Yaw ??~~e of model), degrees . . . . . . . . . . . -0.23 to 0.33
. . . . . . . . . . . . . . . . . . . . . . . . .*. 1.385 to 1.41’5

During the calibration of the M = 1.40 temporary nozzle, no
surveys were made along the longitudinal center line. The Mach number
and flow-angle variations in the region of the mcdel installation
(stations 235 to 265) were, therefore, computed from the transverse
survey data end ere shown in figure 7. The validity of these computa–
tions is discussed in reference 1 where the agreement between the c-
puted and measured axial variations is good. The variation of flow
angle in the vicinity of the fuselage is in general good except near the
resr of the body. The maximun variation of eH from stations 235 to

265 iS -0.24° to 0.19° and of eV from stations 231.4 to 250.6 iS

0.270 to -O.11O. The Mach number variation is 1.395 to 1.407. On the
basis of these calculations and the transverse survey data, the test
Mach number is considered tp be 1.40. The flow in the test section is
not so uniform as would be ultimately desired. It 3s believed, however,
that the variations present in the vicinity of the model will not unduly
affect the proposed tests and that the flow is suitable for aerodynamic
testing. The temporary nature of this nozzle did not warrant any exte~
sive attempts to tiprove the flow characteristics in the test section.

MODEL AND INSTALLATION

The test model was constructed from steel to coordinates presented
in table I and is shown in figure 8. This is the same model used for
the tests reported in reference 1. The basic model (without canopies)
is a body of revolution having an over+ll length of 30.267 inches and
a fineness ratio of 9.4. The top and bottom canopies are removable so
that the fuselage can be tested as a body of revolution. The rear part
of the fuselage is integral with the supporting sting which had a 3°
cone angle beginning at the rear of the model. The pressure orifices
were located at various radisl positions at nine basic stations of the
model as shown in figure 8. In addition, one comprehensive longitudinal
row of orifices was located along the upper surface (@ = 18oo) of the
basic body (no cemopies). For the fuselage with canoyies installed, the
orifices located at approximately l~” were relocated at the canopy
Juncture. The pressures were photographically recorded from multiple-
tube manometers filled with Alkazene 42 (x+ibromoethylbenzene). This
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manometer fluid, having a
found particularly euited

swcific gravity of

NACA RM L50B14a

ap~oximately 1.75, was
for these tests because of its extremely low

vapor pressura and low vi.scoslty.

The installation of the body of revolutioziin the tunnel Is shown
in figure 9. A scale drawing of the instidlat~on showing principl
dimensions is presented in figure 10. The angle of attack was varied
in a horizontal plane through fixed incrementsby rotating the model
about the ~>percent position of the fuselage.~ .-—

a–
-.

e“

——

TESTS, CORRECTIONS, AND ACCUWICY —

Tests

The.basic pressure data were o?)tainedfor the fuselage as a body
of revoluticm and with canopies for an angle+f-attack range from -5° -— J ---–
to 10° at a Mach number of 1.40 and a Reynolds ’nuniberof 2.7 x 106 based
on the fuselage length. This Reynolds number tid Mach num%er condition
corresponds to ful.l+cale similarity at ‘an altitude of approximately
110,000 feet. The aerodynamic data were obtained at tunnel stagnation

.

conditions of: pressure, 0.25 atmosphere; tempmature, 110° F; and dew
point, -25°F. -. .— .-=

CorrectIons and Accuracy

Since the magnitude of the flow’angle, Mach nuttiber,and pressure-
coefficient gradients are in general small in the viclni_tyof the model,
no corrections have been applied to the data. The variation of the test .
conditions antiaccuracy of the data ere est~t”ed to be as follows:

Mach number. . . . . . . . . . . . . .0 . . .e ., .:. ,
--

M.ol

Angle of attack, degrees: , -.

Geometric measurement (probable error) . . . . . . . . . . %.02

Flow irregularity (OH) . . . . . . . . . . . . . . . . .
{

0.24
-0.19

Angle of yaw, degrees:
—

— ..-

Flow irregularity(~).. . . . . . . . .. OO..OO
{

..
0.27

-0.11
Absolute pressure coefficient . . . . . . . .-: . . . . : . . &o.012
Variation of radial pressure coefficient . . j . . . . * . .

—

kO.0Q5 -. -

.

.
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ERESENl?ATIONOF RESULTS

The basic data obtained from the tests of
and complete fuselage me presented in figures

the body of revolution
11 snd 12, respectively.

The pressure coefficient, P, is ylotted against the radial sngle, @, fw
nine stations slong the bcdy. The fact that the radial data at s- of
the stations exe incomplete is due to plugged orifices and tubes. TWO
sets of data were recorded consecutively for each model position. How—
ever, in general, only one set has been @otted. The plotted data sre
tabulated in tables II and ~ and the supplemmhry data including data
for other angles of attack ere tabulated in tables III and V. Figure 11
also includes representative theoretical curves for six axial stations
and for angles of attack of –~”, 0°, and 10°. The theoretical results
have been omitted at stations 46.2 and 73.1 because the orifices at
these stations were located in a region where the change in body slope
is discontinuous and the exact S1OR is not known. The theoretical
results have been omitted at station 93.5 because of sting interference
effects on the experinmntal results. In calculating the theoretical
curves, the linearized theory has been used in rigorous form (see section
entitled “Discussion”).

The sams basic data for the body of revolution are replotted in
figure 13 as a function of a cos $, a paremeter which as been commonly
used in both linesr and nonlinesr theoretical mthods. In this figure
results for both the rigorous and incomplete linear theory are also pre-
sented in order to establish the exact magnitudes of the discrepancies
between both theoretical results. In addition, In figure 13, the non-
linear theoretical results sre presented far station 5.6, which is on
the conical nose section of the body, for 0° angle of attack as obtained
from reference 4 and for angles of attack as obtained from reference 5.

The exial pressure distribution elong the body for @ = 180° and
0° angle of attack is presented in figure 14 for com~arison with the
results of both the rigorous and incomplete llnesr solutions. In addi-
tion, the nonlinear theoretical solution obtained by the method of
characteristics (see, for example, reference .6)is also presented In
figure 14. In this application of the methd of characteristics the
effects of shock curvature have been neglected since, as pointed out in
reference 1, it is estimated that these effects sre small. Figure 15
presents a comparison of the axial pressure distribution at # = 180°
with the rigorous linear theory for several angles of attack.

~ figure 16, the pressures ~asured over the top canopy (@ = 180°)
for 0° angle of attack sre compsred with the results of two approxima-
tions (discussed in reference 1) for estimating the ~essures. The
pressure distribution over the csnopy at several sngl.esof attack is
plotted in figure 17. The data presented in figures 14 and 15, 16 and 17
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are tabulated in tables VI and’VIII, reapecti~ely. Stilar supplementary #
data, together with data for other angles of attac~, me given in tables VII
and IX.

DISCUSSION

Considerable effort has been directed towerds unifying the results
of the linemg theory as applied to bodies of revolution and towards

—

establishing these results rigorously consis@_.t with the assumptions of
the linearization. Lighthill, in reference 7, presents the linearized
form of the pressure coefficient as:

-.

P ().+- :2 —

(1) - .—

In investigating the flow about inclined bodies of revolution, H. J. Allen
of the Ames Aeronautical Laboratory has recently applied equation (1) to
obtain a solution of the form:

Pa = P~Go +APtacosp+(l- 4 sin2#)ct.2 - (2) .

where Pt& is the zerae-of-attack solution. Hence, in order to

compere the experimental results of the present investigation with theory,
the linearized pressure coefficient was obtained from equation (2) with
the term Pia=o evaluated consistent with equation (l). In deter~~g

pt=o and Ni, the step process of Von K&m& and Mocre (reference 8)

was used for 0° angle of attack, and of Tsien (reference”9) for angle of
attack. Since in the past the pressure coeffi ient has been ccmmmnly
determined with the omission of the term (v/V)8 in equa~ion (1) and
consequently with the omission of (1 - 4 sin2$)u2 in equation (2), the
magnitude and influence of these two terms will be considered in the
results presented in fi~es 13 tid 14. In figure 13, the pressure data
have been plotted agalmst the paramter a cos,@ which has been s@nifi-
cant in both the incomplete linesr solution and the nonllnear solution
for smeIL an@es of attack (reference 6). The large discrepancies between
the rigorous linear theory and the incomplete lineer theory (a single
curve applying for all angles of attack) shown in figure 13 cleerly
indicate the importance of the omitted terms.

—

.

.
—
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In considering the genezvilnonlineer theoretical solution for
bodies of revolution at smsll yaw, the pressure coefficient has the form:

P = P=o +APacof3p (3)

where P-O is the theoretical nonlinear pressure coefficient at 0°

angle of attack and AP depends upon the body geo?mtry,.frqe-stresm
Mach number, and shock curvature. If the effects of shock curvature are
negligible, then Al? is independent of the angle of attack and the non-
lineer solution, equation (3), has the identical form as the incomplete
linesr solution. H shock curvature effects are not negligible, then
the form remains the sane with, however, AP becoming a function of the
angle of attack. Hence, if equation (3) were applied to the cylindrical
portion of a body of revolution at lerge distances from the nose, then
& would tend to vanish and the pressure would be a constant independent
of the radial position. However, from a physical consideration, the
incompressible distribution about a circular cylinder would be expected
for small angles of attack if the rotation in the flaw is vanishingly
small. Such a result is given by the rigorous linesr theory (equa-
tion (2)). It, therefore, appears that an angle-of+ttack term of the
order of a2, which is of the ssme order as the term k, has been
omitted from the general nonlinesr solution presented by equation (3).
The importance of this term in affecting the ~ressurtiistribution yre–
diction can be seen from the curved nature of the exper~ntal data when
plotted against alCos # (fig. 13). .

A generti com~srison of the exper~ntsll and rigorous linear theo-
retical results (fig. 11) indicates, with the possible exception of the
first station, very good agreement for all angles of attack as far back
as station 84.3 (last station available for comparison). At the first

.J

station, 5.6, the prhary discrepancy occurs in predicting the zerm
angle-of+ttack value since the theoretical variations accurately agree
with the experimental radial variations. This discrepancy for the cone
value is somwhat more evident from the zero+ngleaf+ttack data of
figure 13. By coincidence, the incomplete solution agrees much more
closely with the characteristic solution than the rigorous linesr
solution.

The importance of using the rigorous solution becomes readily
app3rent from an examination of figure 13. ~ this comparism, as pre-
viously pointed out, the incomplete linear solution is represented by a
single curve. It becomes immediately apparent that a straight line will
not predict the general nature of the experimmtal, curves and that the
rigorous linesr theory in general excellently predicts both the magni–
tude and shape of the exper~ntal curves as far back as the limit of
comparison of the present tests. In ca.uparingthe no.nlineersolution

.
..
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for the yawed cone (referenc~s4 and 5) at station 5.6, it can be seen
that the theory gives a very good prediction for small angles of attack
but becomes progressively worse as the angle Increases. It appears,
then, that the cone solution IS restricted to angles of yaw which are
small compqred to the cone angle.

The axial pressure distributions at @ = 18oo presented in ffg–
ures 14 and 15 are typical of the agreement letween thq experimental
end rigorous-linear-theoryresults at any radial station (see fig. 11).
Figure 14 shows the relative imyortsnce of the (v/V)2 term in determining
the pressure distribution at 0° angle M attack. since over most ~ the
body the magnitude of this term is small, both the rigorous and incon+
plete solutions are essentially the sanw over’more than half the body.
The maximum discrepancy occurs in the vicinity of the nose, as previously
noted, where the perturbations are large. Over the re~ 10 ~rcent of
the body, the effects ofboundary-layer separation caused cm aided by
sting interference yrevant the rapid expansio.fip?edicted by theory. As
can be seen from figure 15, the agreemnt between the theory and experi-
mental results is good even at high angles ofattack.

It should be pointed out that the use of the rigorous linear theory
in predicting the lift or moment characteristics of bodZes of revolution
will give the same results as the use of the incomplete theory since the
integrated effects of the a2 term are exactly zero.

The effects of the canopies on the fuselage pressure distribution
can be seen by ccmparing figures 11 and 12. ~t appears that the shock
from the top canopy crosses station 10.9 in the region-of @ = 90°
since the prassures at $ = 600 at this station are the same for the
fuselage witlnand without canopies. (The differences in the distribu–
tions at station 5.6 for the two configurations ts considered to be an
exparinwrkl error of an undetermined origin.) At station 22.0 and
farther rearward, the canopy effects tie noticeable eve> the enti&e
body. The pressure distributions on the top canopy at @ = 18oo sre
shown in figures 16 and 17, and indicate the expected trends. After
the initial compression emd expansion on the front of the canopy, the
Pressures approach zero. The results of the approximations (fig. 16)
were obtained by methods described in reference 1 smd are reviewed
briefly here, The first nmthd makes the asstiption that the canopy
extends completely around the body of revolution and ctiputes the
resultsmt pressure distributionly means of the rigoroti linear theory.
Similarly, the second method assumes that the ’canopywtidshield is a
cone whose sJKisis an element of the conical nose section of the fusel~
and that the Mach number ahead ~ the cone fs’the s- as that ~ the
surface of the fuselage nose sect”ion. It is realized that these assum~
tions are crude. However, a combination of the two methods does give a
reasonable estimate of the pressures to be expected on the canopy.

—
..—

.—

.
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fiessure~istribution tests of a supersonic-aircraftfuselage with
and without cemopies have been conducted in the Langley 4- by k-foot
supersonic tunnel at a Mach number of 1.40 and a Reynolds nuniherof
2.7x106. These data, which were obtained upon completion of a series
of calibration tests of the M = 1.40 nozzle, are compared with linear
and nonlinesr theoretical results. The foJJ_owingconclusions ere indi-
cated frcm the calibration and pressure-distribution tests:

1. The test-section flow in the vicinity of the model is considered
sufficiently uniform to be suitable for aerodynamic testing.

2. A general.compmison of the experimental pressure distributions
with rigorous linear theory indicates, with the possible exception of
the nose cone, very good agreement between the experimental and thee
retical pressures for the test anglemf-attack range (~” to l@) up to
the last station (84.3 percent of fuselage length) at which comylete
experimental data were available. The discrepancy at the nose is
limited to the prediction of the pressure coefficient at zero angle of
attack.

3. A comyerison of the rigorous and the incomplete lineer theory
with experimental data clearly indicates the importance of the radial
perturbation velocity which is neglected in the incomplete theory.

4. Nonlinear solutions for the pressures about arbitrary bodies of
revolution which have the seineform of solution as the incomplete linear
theory appear to be inadequate in the s- respects as the incomplete
linesr solutions.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Lengley Air Force I&me, Va.
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TABLE II.- FRE2+WRE-CCfEFFICIIZfTDATAPRE2EIWEDIN FIGOREU. FOR .

TE3IU2ELJIGEAS A BODY01’REVOLUl?ION

Augleof attack
Station
(percent)

(d :)

4 6 8-5 0 2 10

5.6 0.236
.244
.250
.242
.242

0.345
.265
.215
.174
.1543

0.386
.268
,196
.148
.136

0
60
90
120
).80

0.170
.204
.248
.286
.330

0.272
.256
.244
.220
.209

0.305
.259
.227
.194
.180

.=7

.188

.1%

.IJ?8

.1O!I

o.431
.267
.175
.llg
.119

.166

.164

.164

.162

.152

.263

.200

.146

.109

.0%

.306

.204

.128
● 090
.(%4

.346

.2C%

.106

:%

10.9
:0
w
120
180

.103

.llg

.151

.194

.230

.196

.181

.165

.149

.125

-.062
-. C%9
-. C85
-.091
-.093

-. w.
-.077
-* 077
-.077
-.079

-.044
-.068
-.094
-.108
-.1(%

22.0 0
60
120
147
180

-.110
-.llk
-.065
-.045
-.031.

-,019
–.ti3
-.IL7
-.1.17
-.1.13

-:%
-.137
-.I.27
-.119

.03

::%
-.145
-.125

.043
-.059
-.10-(
-.103
-.035
-.017

34.6
:0
90

120
153
180

-.029
-.045
-.043
-.033
-.011
-.001

-.026
-.024
-.024
-.026
-.028
-.022

-.018
-.022
-.026
-.026
-.030
-. (E8

-.ou
-.028
–.036
-.036
-.034
-.030

.004
-.033
+4;

-.039
-.027

.CQ4
-.044
-.Op
-.069
-.CJIO
-.C20

.

-.061
-.C82
-.067
-.027

-.044
-.076
-.070
-.050

-.018
-.U9
-.095
-.@+

46.2 0
90

120
180

-.056
-.0.58
-.050
-.046

-.030
-.062
-.060
-.046

-.031
-.093
-.075
-.051

-.007
-.151
-.123
-.047

-.028
-.a20
-.U8
-.022
-. CQ2

-.026
-.022
-.020
-.020
-. O&2

-.028
-.032
-.032
-.022
-.018

59.7 0
9Q

120
15!3
180

-. (M
-.041
-.035
-.olg
-. ail

-.059
-. C%l
-.081
-.07’7

-049

-.019
-.049
-.049
-.017
-.01.1

-. OU2
-.075
-.g8

-.oa

-.005
-.099
-.075
-.035
-.003

-.063
-..

-.0%

-.054

-.066
-.068
-.076
-.070

-.058

-.054
-.058
-.060
-.046

:.059
-.075
-. Q95
-.069

-.047

-m
-.087
-.1Q5
-. ml

–.046

-.047
–.109
-.133
-.105

-.049

24)
90
120
1%
180

–.050
-.058
-.058
-..058

-.058

73.1

84.3 -.048
-.046
-.046
-.046

-.046
-.046
-.048
-.046

-.045
-.1*
-.1o5
-.C89

:0
90

120

-.021
-.045
–. 069
-.065

-.053
-.069
-.op
-.045

-.050
-.085
-.0!39
-.063

-.165-.156 -.061 -.ly- -.127 -.147
.

--

93.5 120 -.077
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TABLEIII.-sWPIXMENMRY~ICIENT DATA B’LE

THEI’UWUGEAS ABIYl)YCFREVOLm’ION

17

—.

Angle of attack
station IRadld‘&rc-ent)

?
ej

(aeg)

o

0.238
.24A
.250
.242
.242

.165

.164

.164

.162

.l~

–.cm
–.on
–.077
-.079
-.077

-.024
–.024
-.024
-.026
-.028
-.022

-3

0.1%
.219
.250
.266
.292

.I.23

.139

.159

.I.81

.197

-.103
-..;

–. 061
-.053

-.030
–.034
-.032
-.028
-.020
-.012

-3

0.191
.219
.249
.267
.290

.124

.140

.159

.1P

.19

–.102
-.094
-.q’o
-.062
-.052

-.031
-.035
-.033
-.CQ7
–.CL9
-.OSL

4

0.=0
.230
.256
.262
.277

.140

.lyl

.166

.178

.182

-.w
-.OW
-.070
–.(%4
–.060

–.025
-.027
-.025
-.cm
-.021
-.o15

4

0.305
.262
.230
.194
.m2

.230

.lgo

. l%

.1=

.103

–.044
-.067
-.101
-. lo-j’
-.103

–. 012
-. CQ8
-.036
-.036
-.034
-.030

68 10

0.430
.268
.176
.Izo
.u.6

+

0.170
.204
.247
.285
.331

.104

.120

.lfj2

.192

.231

-2

0.209
.228
.254
.260
.278

.139

.149

.162

.17a

.186

z
-.089
–.073
-.069
-.&l

-.029
-.029
-.027
-..

-.017

2

0.272
.256
.244
.224
.209

.198

.m

.167

.149

.-

-.062
-c@
-.C%5
-.Ogl
-.W3

-.OI.8
-.022
-.0.26
-.028
-.030
-.028

-.@o
–.062
-.C62
-.046

–.(Y26
–.CE6
-.020
-.020
-.022

-.063
-.0.59
–.062
-.@
-.w

–.046
–.046
-.ci+6
-.046

-

O:g 0.%
.269

.217 .195

.l~ .148

.159 .138

.266 .306

.lgg .204

.147 .128
log .080
.095 .@

h’901.80

.347

.207

.lq’

.m

.047

10.9
&
90

180

.

+

-.018 .O@
-.064 –.063
–. IJ_8 -.137
–. U8 -.127
–. 112 -.1.17

.CKJ4 .024
-.034 -. w
-. @o -. o-p
-.048 -.&g
-.&o -.040
-.028 -.o18

.03-2
-. q’o
-.162
-.142
–.130

22.0 0
a
120
147

-.LL1
-.107
-.065
-.043
-.029

-.029
-. &l
-.043
-.oy
-.039

. ml

-.061
-.081
-.*
–. 025

-.olg
-.043
-.033
-.017
-.011

-.057
-.061
-.079
-.075
-.047

-.019
-.043
–. 057
-.065

34.6 G&
-.100
-.030
-.022

&
90
120
153
180

-.006
-.148
-.I18
-.052

46.2 -.060
-.070
-.062
-.036

-.026
-.030
-.026
–.022
-.018

.066

.052

.070

.066

.0+

-.059
-. o-p
-.C%3
-.037

-. 02-j’
–. w
-.027
-.023
-. Olg

-. cK7
–. C%3
-. Op
-.067
-.055

–. 059
-.065
-.059
-.037

–.025
-.025
-.021
-.021
-.021

–.ca
–. C%l
–. (263
–. 061
-.055

-.056
-.062
-.0%
–. 035

-. a23
-.021
-.021
–. o17
-.017

-.@
:.

-.W
-.052

-.037
-.044
–.046
-.046

-.@
-.058
–.050
–.046

-.028
-.020
-.020
–.022
–.022

-.050
-.058
-.059
–. 05!3
-.058

-.046
-.046
-.046
-.044

-.044
-.o~
-o@
-.048

-.026
-.032
-.032
-.022
–. 016

-.063
-.057
-. on
-.065’
-.056

-.0+
-.056
-.060
-.046

-.131

-.032 -. cm8
-.* -. Ilg
-.07’6 -.095
–.QZ -.0+

-.020 -.012
-.050 -. on
–. C48 -.052
-.01.8 -.018
-.010 -. cm

-.058 -.*
-.076 -.097
-.096 -l@
-.. –cm

-.046

-.054 -.050
-.070 -.085
-.072 -.085
-.044 -.063

–.127 -.147

;0

180

-.002

---k
59.7 0

w

ly3
~80

-.094
-. 0-/2
-.030
-.0%

-.044
-.16
-.130
-.102
-.048

73.1 0
60
90

120
180

84.3 -.036
-.054
-.058
-.054

-.041
-.045
–.049
-.049

-.044
-. 1C6
-.1C6
-.05Q

:0
90

lx)

-.035
–. 055
-.057
-.055

-.C88 –. C61 -.16493.5 1.20 -.159 -.143 –.146 -.093 -.075

-=%=
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TABLEIV.-PRESSURE-OOEFFICIENI’DATAFRiSENl!EDIN FIGURE12 .

Angle of attack
Radial
angle,

$

Station
percent)

5.6

. .
(deg)

4 8-5 012 6 10

0.437
.304
.196
.128
.I.I.8

0.169
.201
.241
.278
● 33

+

0.244 0.276
.2% .260
=5& .=.248

.244 .206

.166 . lg2

.166 .176

.I.80 .17’2

.220 .200

.363 .328

0.311
.274
.240
.202
.179

O::d

.231

.181

.157

0.395
.295
.217
.1%
.138

0
60
%

1.20
1.80

.226

.188

.163

.Ml.

.298

.264

.199

.149

.163

.270

.345

.205

.U%

.108

.214

10.9
:0
90

120

,1(X
.123
.171
.248
.461

● 305
.26
.132
.136
.243

-.024
-.020
-A&

-.202

22.0

34.6

-.102
-.078
-.106
-.139
-.143

-.064 -.047
-.032 -.025
-.W -.087
-.152 -.156
-.184 -.190

0
-.016
-.090
-.161
-.=9

.024
-.013
-.097
-.159
-.226

_:~8

-.106
-.162
-.238

.076
-.044
-.132
-.126
-.068
-.01.4

L
120
147
180

.—
0
60

i%
153
180

-.020 -.007
-.032 -.035
-.034 –.045
-.026 -.037
-.040 -.035
-.040 -.03!3

-.044 -.039
-.068 -.073
“:A%c& -.067

-.w
.020 .CQl

-.032 -.033
-.006 -.m
-*008 -.WJ
-.020 -.019
-.0%!0 -.027

-.046
-.042
-.046
-.034
-.018
-.030

.am
-.034
-.062
-.058
-.04/3
-. 03a

.030
-.036
-.C82
-.074
-.054
-.034

.052
-.039
-.107
-.097
-.063
-,023

46.2 -. CQo
-.1.12
-.094
-.036
-.002

.03.2
-.174
.-.132
-.034
-.006

-.01.2
-.084
-.040
-.016
-.012

0
90
120
1*
180

.—
0

l%’
l%
180

-.052
-.086
-.066
0

.014

-.032
–.093
-.079
-.034
0

-.007
-.141
-.u.7-
-.033
-.001

-.034
-.020
-.016
-.020
-.020

-.028
-.034
-.022
-.m.6
-.CL6

59.7 -.030
-.038
-.036
-.018
-.010

-.019
-.057
-,031
-.015
-.013

-* 02-(
-.079
-.101
-.079
-.031
-.001&

-.046 -.04’3
-.050 -.W1
-*O58 -.059
-.056 -.057
-.014 -.Olg
-.006 -.013

-.046 -.ml
-.~o -.053
-.056 -*055
-.0% -,063

-.120 -.U6

-.052
-.068
-.082
-.059
-.014
-.(!U2

–. 042
-.058
-.069
-.065
-.026
-.012

-.036
-.066
-.084
-.062
-.018
-.008

-.020
-.0!%
-.I26
-.094
-.040
-.004

73.1 0
60
90

120
1*
180

.—

L
90

1.20

0

-.036
-.066
-.082
-.082

-.058
-.062
-.063
-.067

-.056
-.070
-.074
-,074

-.065
-.C!83
-.083
-,079

-.064
-.102
-.106
-,086

84.3

.
-.145 -.119 -.114 -0111 -.I.2293.5

.
-.
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TABLE V.- SUPPUMWIWW ITC3WRl+-C&IC~~ DATAFOR

TEE CWPIXITEFU2ELUE

maid
Angle ~::g;ttack

Staticm
~roent

-3 -3

0.lg~
.223
.251
.265
.293

-2

0.213
.233
.253
.261
.277T

-2 0

0. 0.247
.233 .249
.253 ;257
.26 .247
.27 .243

2I4I6I8I1o

0.27’5 0.3110.3490.3970.439
.263 .27’3.283 .297 .3C4
.249 .240 .228 .217 .1*
.223 .202 .178 .lg .128
.208 .17’8.1* .138 .120

.194 .228 .262 .307 .347

.178 .188 .lgti.206 .206

.174 .162 .M6 .132 .1C6

.p~ .180 .160 .138 .11o

.329 .297 .268 .243 .Z!lk

5.6

10.9

22.0

:0
w

120
180

&

O’.17I
.202
.242
.28C
● 33

.101

.IZ!5

0.1%
.22:
.24S
.267
.293

.124

.144
l-@
.239
.423

.125

.141

.177

.239

.421

.137

.153

.I_81

.235

.405

.13

!

.165
.15 .167
.17 .181
.235 .221
.403 .365

90
120

.17j

.24%

.462180

:0
120
147
180

-.101
–. 07’7
-Olin
–.137
-.143

-.089
-.055
–. 099
-.147
-.163 4
-.Ogo -.091 –. 03 -. (%5 -.045 -.027 -.001 .024 .056
-.056 -.047 -. -.035 -.023 -.021 -.017 -.015 -.026
-.100 –em -. –. 091 -. (I37 -. (288 -.092 –. 097 -.106
-.146 -.149 -.148 –.153 -.155 –.162 –.162 -.159 -.l&
-.162 -.169 -.168 -.183 -.187 -.203 -.221 -.226 -.236

34.6 0 -.04-6-.037–.038-.031.-.o%
&) -.040-.037-.040-.035-.034
90 -.046-.035-.034-.031.–.OX
120 –.032-,031-.032-.023-.024
153 -.016-,031–.034–.037-.036
MO -.030-.035-.038–.037-.09

0 -.mo -.047-.(ym-.047-.CM.&
90 -.033-.075-.076-.o-p.–.07C
120 -.C63-.059-.060–.059–.0%
1% .002-.(X)3–.004-,007-.&
M) .rn6 .006 .@% .013 .014

0 -.030-.031-.032-.033-.034
90 -.036-.031-.a8 –.01.1-.012
lr?o –.034-.015-.020-.015-.016
158 -.018-.019-.022-.019–.02c
180 -*010–.o15-.m8 -,Olg-.OIE

-,050-.051-.050-.Okg–.048
:0 -.065-.059-.058-.055-.054
w -.077-.067-.C& -.G53-.062
120 -*065:.; -.kss-.059-.058
1% –.CU6 -.015-.018
180 0 –.003-.006-.007-.008

+

–.021 -.00:
-.033-.03’
-.035-.04:
-.027-.037
-.039-.03:
-.041-.037

–.043-.037
–.067-.O7I
–.059-.@
-.olg-.02~
.019 .002

.W
-.035
-. O&
-*W
-.OU 4-

: .029 .052 .07’8
-.037-.039-.044
–.094-l@ –.130
-.076-.095 –.124
-.054-.063-.066
,-.035-.023-.012-. 03s

46.2

59.7

–.03:
–.094
-.W
_.035
-.001

,-.023 -. CK)7 .014
- .I14 -.141 -.174
–.094 -.lJ_7 -.130
-.039 -.033 -.034
-.005 -.001 –.@

t

-.033-.03
-.007–.007
-.011-.007
–.Olg–.017
-.021-.025

-.047-.041
-Oml -.049
-.059-.057
: 05;-.057

-.017
–.007-.011

v 035
-.021
–.o17
-.ol~
–.021

#

-.029 –. 019 -.fflo
-.037 –. m -.CS4
-.025-.03-.04’0
–. CU9 -. CU5 -. cm6
–. olg -.011 -.010

-.037-. Oq’ -. CL8
-.066-.079-.094
-. W –.101-.124
-.070-.07’7-.034
-.027-.031-.C40
-.011-.001-.004

73.1 –. 040
–.0%
-.070
-.066
–.027
-.019

84.3

93.5 “ O l-.1451-.133134131271l1281.121l-.l2lI-.U5I-J2OI-.1O+.U5{-.12O
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TABIE Vl.– FRESSURE~ICIEITC DATA PRESENI’EDIN FIGURES 14 .

AND 15 AT POSITION @ = 180° ON THE BODY OF REVOLUTION

Angle of attack
Station (deg)
[percent)

-5 0 2 6 10
—

1.7 0.338 0.250 o.21_8 0.164 0.123
5.6 .330 .242 ● 20!3 .1% .119
8.5 .314 .224 .194 .142 .107
11.0 .230 .152 .125 .084 .047
15.4 .155 .036 ● 061 .020
16.8

-.015
.093 .030 .006 -.029 -.059

19.9 -*005 –.060 –.073 -.101 -.lSL
22.0 -.031 -.079 -.093 -.113
24.4

-.125
-.02J- -.065 -.075 -.089 -.099

27.3 -.013 –.046 –.054 -.065 -.065
34.7 –.001 -.022 –.028 -.027
38.7

–.017
.011 -.006 –.012 -.on –.005

44.8 -.001 –.026 -.034 -.033 –.029
46.3 –.027 -.046 -.046 -.051 -.047
47.5 -.045 -.058 ::%: -.065 -.065
52.5 -.037 –.048 –.037 -.021
59*7 -.011 –.022 –.022 –.oll –.003
65.0 .003 -.010 -.008 .002 .005
71.5 –.005 -.022 -.018 –.003 –.003
73.2 –.049 –.ox –.0% -.047 –.049
74.5 –.065 –.065 –.@ –*059 –.067
79.0 -.049 –*050 -.036 –.029 -.039
84.1 -.047 -.042 -.032 –.015 -.031
86.0 –.041 –.038 –.028 –.%
90.0 –.085 –.069

-.019
–.063 -.049 –.059

9395 –.l% -.065 -.089 -.;23 -.155
96.0 –.122 –.060 -.073 -.131 –.171

-

.

—

.-

—



T!AHX VII.- EXIPHI$EMMY PIW~_ W A!! POSD!ION

~ E 180° OH TEE BODY OF MVDLUTION

Angle ~ofg;ttaok

Statfon
(FIrcent )

+3 -3 -3 + * o 2 4 4 6 8 8 10

1.7 0.339 0.300 0.300 o.2g4 0.287 o.2~ 0::: o,m3 o.1~
5.6

O*1Q 0.140
.331 .292 .2$Jo .278 .277

0.140 0.120
.242 .180 .182 .159 .136

8.5
.138 .u6

.%5 .274 .275 .266 .264 .226 .194 .168 .167 .143 .124 .124 .102
U.o .231 .197 .1% .I.86 .182 .lW .125 .104 .103 .QyJ .064 .066 .042
15.4 .156 .123 .124 .I.23 .IJ.8 .036 ,061 .03g .040 .022 .003 -.018
16.8 .Vx ●O65 .W3 .055 .030 -,014 -.012 -.030 -.044 .-:M –.064
lg.g -.003 -.028 -:% -.037 -.033 -.060 .:g -.090 -.03’7 -l@ -.107 -log -.U8
22.0 -.(E9 -.052

24.4 -.023 -o@+, :%: ::% :%%’ :3 :% %$ 1;:: :;% ;;; :% I%
27.3 -.OU -.030 -.W -.033 -.033 -. ~ -.W -.~ -.~ -.~ -x’& -g; -$J
34.7 .ml -.OI.2 -.orl -,017 -.015 -.022 -.028 -.030 -.030 -.028

~.: .OI.2 o .Oo1 -.005 -.001 -. O& -.012 -.014 -.(U4 -.010 -.0s8 -.008 -.o1o
-.OI.2 -.0L3 -.017 -.017 -. Ce6 -.034 -.036 -.036 -.034 -.034 -.032 -.032

k6:3 .:25 -.036 -.037 -.037 -.035 -.046 -.046 -.cyA1 -.048 -c@ -.W -.054 -.oy2
47.5 -.043 %% -.W5 -.057 -.. -.. -J& -.% -.. “.066 ;~g :?; ---
52.5 -.035 -.043 -.043 -.038
59.7 -.OU -.OM -.(IL9 -.m -.017 -.W2 -.022 -.018 -.oI.6 -.010 -.004 -.002 -:;2
65.0 -.004 -.ca5 -.005 -.001. -.010 -.00$ -.W -.006 .002 .(ILO .O1.o
71.5 -:Z –.o12 -.o13 -.009 -.009 -.022 -.01.8 -.o14 -.016 -.004 0 0 -.004
73.2 -.047 -.054 -.055 -.055 -.052 -.Q% -.0% -.058 -.056 -.048 -.~ -.o46 -.~
74.3 -,C63 -.065 -X67 -.065 -am -.r65 -.058 -.062 -.052 -.060 +63 -.osl -.C68

8?.1
7 .0 -.047 -.q50 -.oy -.049 -.046 -.048 -.040 -.036 -.036 -.030 -.030 -.030 -.038

-.045 -.044 -.047 –.0$1 -.040 -.042 -.034 -.028 -.o28 -.014 .KQ2 -.0= -.030
86.0 -.03!3 -.038 -.039 -.035 -.033 -.036 -.028 -.oli3 -.oIfI -.004 -.008 -.009 -.018
90.0 -.079 -.078 -.W9 -.073 -.W -.C@ -*~ -.0% -.05! -*@@ -*052 -“052 -.$
93.5 -.155 -.149 -..192 -.ogg -.Cg6 -.065 -.C89 -.1= -.IJ25 -.121 -.135 -.135

96.0 -.U23 -.ILO -.U.3 -.@l -.078 -.@ -.073 -.1= -.125 -.12g -.141 -.IA1 –.170
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TABLE VZCI.- PKESSURE-COEFFICIENTDATA

NACA RM L50B14a

PRkSENI’EDIN FIGURES 16

~ 17 f!!ll POSITION @ = 180° ON TBE TOP CANOPY

Station
percent )

1.8

2:;
10.9
22.0
34.5
46.1
60.0
73.0

+

0.338
.332
.475
.461

–.143
-.030

.014
-.010
-.002

0

0.248
.244
● 357
.363

-.184
-.040

● 020
-.020
-.006

A@

2

0.212
.206
.308
.328

-.190
-.039

.001
-.027
-.013

of attack
(deg)

4

0.186
.178
.254
.297

-.203
-.039
-.001
-.021
-.019

6

0.163
.157
.205
.270

-.219
-.034
-.002
-.016
-.008

8

0.142
.138
.184
.243

-.226
-.023
-.001
-*013
–.001

10

0.122
.JJ8

--.--

.214
-.238
-* 014
-.006
-.012
-.004

.

.-

—

,.. .

-

.

— —

.,

.

.

-.
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(percent

, .

TABLE lX.- WPPLEMENNWY PITESSUKE-OQEW!PICIFJICIMTAAT

POSITION $ = 180° ON TEE TOP CANOPY

Angle of attack
Stat ion (clef!)

1.8

::;
10.9
22,0

34.5
46.1
60.0
73.0

—.

+ -3 -3 -Q * o

0.337 0.301 0.301 0.283 0.285 0.245

.331. .293 .293 .277 .277 .’24:
;::: .y42 .426 M: .405 .357

-.143 -:162 -::; -o~&l _:;g -:%

-.030 -.038 -.035 -:;sl –.037 -.041
.016 .006 .006 .013 .Ols

-.010 -.ol.a-.o15 -.018 -.019 -.021
0 -.006 -.003 -.Q&l -.007 -.007

1.214 0. 18(
.209 . 17s
.W .254
.329 . 29E

-.187-.2oz
-.037-.03t
.002 0
-.025-.02c
-.OIJ.-.au

6

0.160
.154
.200
.2643

–.221
–.035

-.005
-.019
-.o11

8I1o

0.142 0.122
.138 .120

.M4 -----

.243 .214
-.226 -.236

-.023 -.012
–.ool -.004
-.OII -.010
-.001 -.034
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(a) Schematic drawing of cruciform probe.
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1.5

1.4 0 mc)oooo

Station285
1.3

1.5-

L4 o ~Q.
.

Station250
1.3

Station222 -
1.31
-50 -40 -30 -20 -lo 0

Dew point,deg.F

Figure 3.- Variation of local Mach number with dew point
for representative upper-wall stations along nozzle axis
of the Langley 4- by h-foot supersonic tunnel for a stagnation
temperature of 110° F and 0.25-atmosphere stagnation pressure.
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Figure 4.- Mach number distribution along center line Of nozzle walls

of the Langley 4- by k-foot supersonic turinel. s
P

F

.
i, I



1,03
4$ irches abcwe test-secticm centerline

.50

go
g

-.!50

(a) Horizontal.flow augle, 13E,degreeS.

Figure 5.- Stream conditionsin a trmmverae plme lookiw upstreem
at station 241 in test Bection of M = 1. bO nozzle of the

Langley 4- by A-foot supersonic tunnel.
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(a) Zero-speed composite.

33

“ —+

Lob[ique shocks
(b) M=I.40 composite.
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Nozzle station, inches.

=5=
L-63596

Figure 6.- Schlieren photographs of flow on test section center line
of M= 1.40 nozzle.
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Figure 7.- VarLation of Mach number and flow angle along center 13ne

of M = 1. hO nozzle of the Langley 4- by A-foot supersonic

tunnel .
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Figme 9.- Dowmtream view of the boa of revolution
in the Langley 4- by k-foot ~ersonic tunnel.

. ,



.

—-

.-

.

—.

.

.

.

--



. , t .

—

I

l-- 30267 ~

/,/,/,///,,/

44

-/L?6 —

-(

\ lr’~\

~ S+rtd

‘Bof?bn) wall

Figure 10.- Model and BU~O1’t installation. All dlmen8ions

- /9.00 —

are In Inches.



.-

@;

!
:Q

‘t.,i‘j :

1!

-.24

-.16

-.08

0

.- — .
.08 /

<
StaticxI 5.6

.48 ~
o 40 EKl 120 160 200

Radial amje,d,ckgtws

(Y

<

statbn 109

0 40 80 “120 160 200

Radial angb,q),degms

Rigcms 4 Measured

linear theafy

‘— -5 ~
—.—— 0 0

U

:
v
h

—. l:. ~

&

O 40 80 120 160 200

Radial angle, O, degrws

Figure Il. - Variation of pressure coefficient with radial.location
at nine CLXKL atatiorm on the body of revolution at M = 1.b.

,: 1

.
I

●



. * ,

-J 6

-,08

~- o

Iii
$gJ38

8

$

#-.24

-.16

-.(X

o

Statim 73.1

.08
04080120160200

R*1 a@, W@=

StCrtbn 46.2 Staticm59.7

R~us q Measured

linear theary

O 40 80 120 ELI 2(X)

Radhl amje, $, deeps

Figure 11. - Concluded.

-5 A

o 40801E1316Q2C0

Wd C@VJ, degrees

4=’
P

,



— ..

“’”0 40 80 120 160 200

Radial anrje, $,degrees

0408012016C) 200

Radid argle,$,degms

04080120 t60200

Radial angle, $,degrses

1- . 1

I ‘l J’, ,, 11”.

Figure 12. - Variation of pressure coefficient with radial location at nins

axisl stations on the fuselage with cauopies, M . 1. kO.

.

Ola~,&

A-5
::

04.

-F
m

,,1 I 1, ,.,’



, ,

Statian 7361

08 “
O 40 80 120 160 200

R(KM cngle,@,degrws

1’1 Statim 462 I I

I I Slution84.3 I

O 40 80 120 160 200

Radid arqb, o,demes

Figure 12.- Concluded.

,

Station 59,7

0 40 80 120 160 200

Radiil ar@,4, decyes



.—

‘Tm=m
-.08

(L 0

$ “08.—

5
.16

0

~ ,24
UY

! .32

.40

.48

-.24 :16 :08 0 .08 .16 .24 =24 46 +08 O .08 .16 .24 -.24 716 -.08 0 .08 ,16 .24

/-- I;%&/
4

\ .

\
\
v

A

Stulion to.9 ‘“ ““”

Measured
Iine%%%ry

<

q cos 0, radians * cos @,mdians
:! ,,

Figure 13. - A comparison of tie theoretical and

coefficient variation with a cos $ at nine

body of revolution, H, = 1. U.

.-

i=

1
< cos D, radians -

experimental pre9aure-

axial stations on the

‘Illl!i



, I ,

iii!

.24

Incomplete
~1~ Ilnear theory

4
.08

CL
+.

j .08-
Stathm 34.6

.08 I Station 73. I

Statim 462

J%%%??
*

-5
——— 2

Statlal 59.7

,24 -.16 -,08 0 .0S .16 .24 :24 -J6 4)8 O .08 .16 .24 :24 46 -.06 0 .08 .16 ,24

q cos 0, radians x cos o, radians x cos a, radians

FQure 13. - Concluded.



46

—
NACA RM L~ lka .,

—
. .

-.2

-J

0

J

.2

.3

(

— Incom@ete II near theory
o ---- Rigorous linear theory

.-- —- / —— Nm-linew thefxy

-

0 10 20 30 40 50 60 70 80 90 KJ3

Pemnt hxfy length

—

.-

.-

Figure 14. - A comparison of tk= theoretical smd expertienteJ exlel

pressure M stributlon at 0° angle of attack along the top surface

(~ = 180°) of the body of revolution, M = 1.40.
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I?igure 15.- A comparison
pressure distrilmtion
surface (@ = 1800) of

of the theoretical and experimental axial
at several.angles of attack along the top
the body of revolution, M = 1.40.
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